The spatial and temporal features of urban heat island (UHI) intensity in complex urban terrain are barely investigated. This study examines the UHI intensity variations in mountainous Chongqing using a dense surface monitoring network. The results show that the UHI intensity is closely related to underlying surfaces, and the strongest UHI intensity is confined around the central urban areas. The UHI intensity is most prominent at night and in warm season, and the magnitude could reach~4.5 • C on summer night. Our quantitative analysis shows a profound contribution of urbanization level to UHI intensity both at night and in summer, with regression coefficient b = 4.31 and 6.65, respectively. At night, the urban extra heat such as reflections of longwave radiation by buildings and release of daytime-stored heat from artificial materials, is added into the boundary layer, which compensates part of urban heat loss and thus leads to stronger UHI intensity. In summer, the urban areas are frequently controlled by oppressively hot weather. Due to increased usage of air conditioning, more anthropogenic heat is released. As a result, the urban temperatures are higher at night. The near-surface wind speed can serve as an indicator predicting UHI intensity variations only in the diurnal cycle. The rural cooling rate during early evening transition, however, is an appropriate factor to estimate the magnitude of UHI intensity both at night and in summer.
Introduction
The urban heat island (UHI) is a well-known phenomenon where temperatures over urban areas are typically higher than over their rural surroundings [1] [2] [3] [4] [5] . Because of rapid urbanization in the last decades, the UHI phenomenon has been extensively studied around the world [6] [7] [8] [9] . The UHI intensity is mostly quantified as the difference in near-surface air temperature between representative urban and rural stations. This definition is easily measured by either one pair of urban-rural sites or temperature mean of urban and rural sites (e.g., [10] ).
The UHI intensity is hypothesized to be controlled by anthropogenic modifications in surface energy balance (e.g., [11] ). These changes include urban geometry, reduction of evaporative cooling, release of anthropogenic heat, thermal properties of buildings and other artificial materials, and the efficiency of convection between urban surface and the atmospheric boundary layer [3, 4] . In different regimes, the main cause varies. For example, Yang et al. [12] analyzed the surface air temperature (SAT) of automatic weather stations (AWSs) in Beijing and proposed that stronger evapotranspiration (latent heat flux exchange) in rural areas and larger anthropogenic heat emission in urban areas both result in a prominent UHI effect. Hu et al. [5] used a dense surface observing network to investigate Oklahoma 
Data and Methods
The central urban area of Chongqing Municipality (Figure 1b,c) is selected as the area of interest, embedded in which is a dense surface monitoring network of AWSs issued by China Meteorological Administration. In the domain, over 330 AWSs are deployed with hourly observations of SAT and rainfall, and approximately half of the stations are equipped with wind sensors at 10-m level. Only AWSs with observations of all these three meteorological factors are used in this study. Before analyzing, quality control is carried out for all data records. The possible erroneous data are selected by a set of evaluation indexes as in Yang et al. [25] . They are then eliminated and replaced by the missing values. Those AWSs with too many missing values, i.e., over a quarter of all the samples are missing in a calendar year, are ruled out. To ensure enough samples for statistical analysis, the calendar year of 2017 that possesses the most validated stations in recent years, is chosen as the research period. Fifty-five sites were reserved in 2017. Their information is detailed in Table 1 . 
The central urban area of Chongqing Municipality (Figure 1b,c) is selected as the area of interest, embedded in which is a dense surface monitoring network of AWSs issued by China Meteorological Administration. In the domain, over 330 AWSs are deployed with hourly observations of SAT and rainfall, and approximately half of the stations are equipped with wind sensors at 10-m level. Only AWSs with observations of all these three meteorological factors are used in this study. Before analyzing, quality control is carried out for all data records. The possible erroneous data are selected by a set of evaluation indexes as in Yang et al. [25] . They are then eliminated and replaced by the missing values. Those AWSs with too many missing values, i.e., over a quarter of all the samples are missing in a calendar year, are ruled out. To ensure enough samples for statistical analysis, the calendar year of 2017 that possesses the most validated stations in recent years, is chosen as the research period. Fifty-five sites were reserved in 2017. Their information is detailed in Table 1 . The observational stations are almost evenly distributed in the study area ( Figure 2 ). To investigate UHI features, the sites are often grouped into different categories (i.e., urban, suburban, rural, etc.) by either land cover characteristics or climate-based criteria [12, 26] . For example, using the latest 30-m-land use data from Institute of Geographic Sciences and Natural Resources Research in Chinese Academy of Sciences, the AWSs fall into two kinds (Figure 2a) . The question is, these definitions can only give a qualitatively evaluation of degree to which the vicinity around certain stations has urbanized, rather than quantitatively. It is well documented that remote-sensed nighttime light is significantly related to socioeconomic variables (including the urbanization level) (e.g., [27] [28] [29] ). Thus, the nighttime light data offers a good opportunity to quantify the urban development. In this paper, the annual cloud-free composite nighttime light data from the Visible Infrared Imaging Radiometer Suite day/night band (VIIRS DNB) at 15 arc-seconds in 2017, provided by NOAA's National Centers for Environmental Information, is used for estimating Chongqing urbanization level. The nighttime light is firstly normalized by its maximum value, which refers to normalized nighttime light index (NNLI). The AWSs are then sorted by the nearest pixel values of NNLI. As an instance, three groups (urban, suburban, and rural) are classified by NNLI of 0.03 and 0.20 (Table 1 and Figure 2b ) [29] . The observational stations are almost evenly distributed in the study area ( Figure 2 ). To investigate UHI features, the sites are often grouped into different categories (i.e., urban, suburban, rural, etc.) by either land cover characteristics or climate-based criteria [12, 26] . For example, using the latest 30-m-land use data from Institute of Geographic Sciences and Natural Resources Research in Chinese Academy of Sciences, the AWSs fall into two kinds (Figure 2a) . The question is, these definitions can only give a qualitatively evaluation of degree to which the vicinity around certain stations has urbanized, rather than quantitatively. It is well documented that remote-sensed nighttime light is significantly related to socioeconomic variables (including the urbanization level) (e.g., [27] [28] [29] ). Thus, the nighttime light data offers a good opportunity to quantify the urban development. In this paper, the annual cloud-free composite nighttime light data from the Visible Infrared Imaging Radiometer Suite day/night band (VIIRS DNB) at 15 arc-seconds in 2017, provided by NOAA's National Centers for Environmental Information, is used for estimating Chongqing urbanization level. The nighttime light is firstly normalized by its maximum value, which refers to normalized nighttime light index (NNLI). The AWSs are then sorted by the nearest pixel values of NNLI. As an instance, three groups (urban, suburban, and rural) are classified by NNLI of 0.03 and 0.20 (Table 1 and Figure 2b ) [29] . UHI intensity is often calculated as the difference between mean urban and rural temperatures when a number of observational sites are present [30] . In order to investigate the spatial patterns of UHI intensity, this study estimates the UHI intensity at each site. The UHI intensity at a certain site is defined as
where i = 1, 2, 3, …, denoting the ith station in surface monitoring network. Ti is the corresponding SAT at i th station. Trural denotes the average SAT of the rural sites, defined as UHI intensity is often calculated as the difference between mean urban and rural temperatures when a number of observational sites are present [30] . In order to investigate the spatial patterns of UHI intensity, this study estimates the UHI intensity at each site. The UHI intensity at a certain site is defined as
where i = 1, 2, 3, . . . , denoting the ith station in surface monitoring network. T i is the corresponding SAT at ith station. T rural denotes the average SAT of the rural sites, defined as
where j = 1, 2, 3, . . . , n, and n is the number of rural sites. Note that the temperature difference cannot be calculated directly as the sites are located in mountainous region with various altitudes ranging from 191.1 m to 701.0 m (Table 1) . A proper way is to compare the potential temperature of each station at a same level, but it is infeasible because of lack of surface pressure observations. Here, a simple method based on sounding data is implemented [31] . The near-surface lapse rate at a certain day is firstly calculated, i.e.,
where T 925 (T surf ) and H 925 (H surf) denote the temperature and altitude observed at 925 hPa (surface) at the Shapingba Sounding Station (NO. 57516; indicated by blue cross in Figure 2a ) in the study area, respectively. The temperature samples at each site are then extrapolated to a 100-m level using the lapse rate at each day. Two assumptions are made when applying the method. The first one is that the lapse rate at near surface (in the boundary layer) is vertically constant, so that the temperatures at different altitudes can be adjusted to a same level (e.g., [32] ). The second one is that the sounding data represents the spatially mean state of atmosphere in the study area, so that the temperatures at different sites can utilize the same lapse rate. The diurnal and seasonal cycle of UHI intensity is processed by time average. To mitigate the impacts of distinct external meteorological factors, the days in which any AWS observes rainfall with a magnitude larger than 1.0 mm/day, are excluded for calculating. For UHI intensity spatial distribution, the kriging interpolation method is used to interpolate the variables using weighted averages from surrounding sites (e.g., [13] ).
Mean Diurnal Cycle of UHI Intensity in Chongqing City

UHI Intensity General Features and Relationship with Urbanization
The mean diurnal variations of SAT are shown in Figure 3a . All the sites depict classic diurnal cycle as the cycle of input solar radiation. The urban SAT is generally higher than rural, thus UHI effect appears. As argued by Karl et al. [33] , urban development together with other local effects would result in the decrease of diurnal temperature range (DTR) due to faster rising rate of minimum temperature. Thus, UHI intensity shows a prominent diurnal variation ( Figure 3b ). The UHI intensity at urban and suburban sites increases rapidly at mean early evening transition (EET), i.e., 19-20 in local standard time (LST), then keeps a relatively constant strength (~2.8 • C in urban sites and~1.4 • C in suburban sites) until a fast decrease around early morning. This indicates that UHI intensity in the study area has a higher value at nighttime than daytime, which is consistent with previous studies of various cities [34] . Contradictory results are presented when UHI intensity is quantified by land surface temperature in remote sensing [35] . Though remotely sensed UHI intensity is found to be ambiguous, e.g., underestimating the effect at vertical surfaces and areas below tree crowns, it would supply a space-consistent perspective at a city scale [4] . Thus, further studies to combine the advantages of these two different quantifications of UHI intensity are greatly needed [36] . The UHI intensity spatial patterns at mountainous Chongqing remain an open question. As shown in left column of Figure 4 , the UHI intensity exhibits a nearly concentric feature. That is, strong UHI intensity is mostly confined at highly urbanized areas (i.e., high NNLI). The spatially interpolated distribution (middle column of Figure 4 ) illustrates a southwest-northeast elongated The UHI intensity spatial patterns at mountainous Chongqing remain an open question. As shown in left column of Figure 4 , the UHI intensity exhibits a nearly concentric feature. That is, strong UHI intensity is mostly confined at highly urbanized areas (i.e., high NNLI). The spatially interpolated distribution (middle column of Figure 4 ) illustrates a southwest-northeast elongated axis with the maximum UHI intensity lying along the banks of Yangtze River in Yuzhong District (~106.52 • E, 29.48 • N). At the southeast part, UHI intensity is low because of the undeveloped surface and flourishing vegetation in Jinfo Mountain. The UHI intensity is also weak at the west region (~106.38 • E, 29.59 • N): this is because the in situ weather stations are located in rural areas, although most of underlying surface is well developed. The UHI is in a roughly stable pattern during a full day, but the intensity shows a clear day-night contrast. The maximum UHI intensity could reach 3.5 • C at central business district at midnight (03 LST) but is less than 1.0 • C in the afternoon (15 LST).
While urban effects on temperature are qualitatively discussed in a wide range of literature, a quantitative analysis is insufficient [37] . The urbanization level is explicitly estimated by NNLI, and its relationship with UHI intensity is shown in Figure 5 . It is clear the more the regions are urbanized, the stronger the UHI intensity appears. Urbanization exerts a comprehensive impact on surface energy balance, which therefore results in higher temperature in urban areas [4] . These modifications include increased input solar radiation due to decreased albedo, reduced outgoing longwave radiation due to reflection, and extra heat release due to artificial materials and vehicles (e.g., [38] ). Besides, sensible and latent heat transfer by changes of land cover can also influence the urban-rural temperature contrast. The detailed analysis of these causes is beyond the range of this study.
As shown by the left column of Figure 5 , the correlation between UHI intensity and urbanization varies from hour to hour in a day. It seems that UHI intensity relates to the NNLI more closely at night (correlation coefficient r = 0.59 at 03 LST and 0.21 at 15 LST, and root mean square deviation RMSD = 1.42 at 03 LST and 1.56 at 15 LST). The regression coefficient is also bigger at night (b = 4.31 at 00 LST and 1.39 at 15 LST), which indicates a more prominent impact of urbanization on nocturnal temperatures. At night, the solar radiation vanishes, but the longwave radiative cooling sustains. Thus, the atmospheric boundary layer (ABL) becomes quite stable. The corresponding turbulent activities are suppressed at the upper part of ABL (e.g., [39] ). At the same time, the near-surface wind speed is small because of decoupling from high-horizontal-momentum layers [5] . This process happens at both rural and urban areas. However, extra heat, such as reflections of longwave radiation by buildings and daytime-stored heat release from artificial materials, is added into ABL over urban areas, which compensates part of urban heat loss and leads to a relatively higher temperature [2] . This modification of urban areas is more obvious at night than in the day. Thus, the impacts of urbanization is noble and results in a prominent UHI intensity at night. modifications As shown by the left column of Figure 5 , the correlation between UHI intensity and urbanization varies from hour to hour in a day. It seems that UHI intensity relates to the NNLI more 
Possible Indicators of UHI Intensity
As implicated by the thermodynamic energy equation, winds play an important role in changing SAT through advection and diabatic heating terms [40] . Omitting the advection and radiation terms, the SAT tendency is proportional to sensible and latent heat fluxes, i.e.,
where T is SAT, and F SH and F LH are sensible and latent heat fluxes, respectively. According to the aerodynamic bulk formulae [41] , the heat fluxes are defined as
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Here, ρ, c, C H , C E , and L are constant parameters (refer to [41] for detail meanings), thus sensible and latent heat fluxes depend on U (wind speed at 10 m), ∆T (air-land temperature difference), and ∆q (air-land specific humidity difference). As ∆T and ∆q are always negative, therefore,
This indicates that SAT decreases with wind speed. Thus, the near-surface winds could serve as an indicator how the UHI intensity varies. As shown in Figure 6a , surface wind speed exhibits a diurnal cycle with a maximum in the day and a minimum at night. This can be explained by the diurnal variation of boundary layer vertical mixing because stronger downward transport of high momentum leads to stronger near-surface winds in the day than at night. The diurnal variations of wind speed closely correlated to the UHI intensity with r = −0.92 (−0.91) in urban (suburban) areas (both significant at the 0.01 level) (cf. Figures 3b and 6a ). The wind field at a specific site is not only determined by background circulations (e.g., mesoscale inflow), but also modulated by the regional environment (e.g., urban roughness) [42, 43] . As a local factor, the urbanization is elucidated to impact near-surface winds in two ways. The first is to increase surface roughness and reduce the wind speed through drag effect, and the second is to enhance the downward transport of momentum and strength the near-surface winds through vertical mixing [31] . The observed mean wind speed at urban sites is generally lower than the rural throughout the day (Figure 6a ). This indicates the drag effect of rougher urban surface is dominant. The wind speed difference with respect to rural average, however, is smaller at night than in the day (Figure 6b ). This testifies a considerable effect of momentum vertical mixing on nocturnal winds over urban areas as well. At night, the ABL over rural surface is stable, and the near-surface decouples with upper layers and becomes small. The winds over urban areas are further reduced by surface roughness. However, extra heat together with other factors in urban region results in a relatively neutral boundary layer, which therefore induces stronger turbulent vertical mixing and enhances near-surface winds [44] . This effect of wind increase by momentum transport offsets part of wind decrease by roughness. Consequently, the wind speed difference between urban and rural surfaces is relatively small at night. This feature is also detected in the kriging-interpolated spatial pattern (right column in Figure 4) .
As shown in Figure 3b , the UHI intensity increases dramatically during EET and then stays a relatively constant magnitude. This indicates that EET processes (e.g., the change of background flow) are likely responsible for the nocturnal strength of UHI [5] . Previous studies suggested an important role of EET cooling rate of rural sites in determining the UHI intensity [4, 45] . The relationships between UHI intensity in urban/suburban sites and mean rural cooling rate during The wind field at a specific site is not only determined by background circulations (e.g., mesoscale inflow), but also modulated by the regional environment (e.g., urban roughness) [42, 43] . As a local factor, the urbanization is elucidated to impact near-surface winds in two ways. The first is to increase surface roughness and reduce the wind speed through drag effect, and the second is to enhance the downward transport of momentum and strength the near-surface winds through vertical mixing [31] . The observed mean wind speed at urban sites is generally lower than the rural throughout the day (Figure 6a ). This indicates the drag effect of rougher urban surface is dominant. The wind speed difference with respect to rural average, however, is smaller at night than in the day (Figure 6b ). This testifies a considerable effect of momentum vertical mixing on nocturnal winds over urban areas as well. At night, the ABL over rural surface is stable, and the near-surface decouples with upper layers and becomes small. The winds over urban areas are further reduced by surface roughness. However, extra heat together with other factors in urban region results in a relatively neutral boundary layer, which therefore induces stronger turbulent vertical mixing and enhances near-surface winds [44] . This effect of wind increase by momentum transport offsets part of wind decrease by roughness. Consequently, the wind speed difference between urban and rural surfaces is relatively small at night. This feature is also detected in the kriging-interpolated spatial pattern (right column in Figure 4 ). Figure 3b , the UHI intensity increases dramatically during EET and then stays a relatively constant magnitude. This indicates that EET processes (e.g., the change of background flow) are likely responsible for the nocturnal strength of UHI [5] . Previous studies suggested an important role of EET cooling rate of rural sites in determining the UHI intensity [4, 45] . The relationships between UHI intensity in urban/suburban sites and mean rural cooling rate during EET in each month are given in Figure 7a . It is found that these two factors are negatively correlated with r = −0.29 (−0.16) and b = 0.70 (0.37) at urban (suburban) sites (both significant at the 0.01 level). This different correlation manifests different rates of temperature decrease in urban and suburban sites during EET (Figure 3a) . This can be also elucidated by discrepancies in decreasing trends of diurnal temperature range (DTR) in different urbanization-level sites (e.g., [46] ). Like the cooling rate during EET, the heating rate of rural sites during early morning is also well correlated to nocturnal UHI intensity with r = 0.35 (0.26) at urban (suburban) sites (Figure 7b) . Thus, the temperature changing rate in rural areas may be an indicator for estimating the magnitude of UHI effect in urban areas. Figure 8 shows the mean UHI intensity at urban and suburban sites as a function of month and time of the day. It is found that at a certain time of the day, the UHI intensity shows a notable warmcold season contrast at both urban and suburban areas. However, throughout the year, the timing of the strongest UHI intensity always occurs at around midnight (00 LST). Thus, for a better illustration on seasonal variations, the UHI intensity at midnight is analyzed. The results are shown in Figure 9a . A prominent warm-cold contrast of UHI intensity is detected, which is similar to other cities (e.g., [30] ). The UHI intensity is most strong (weak) in July (October), and the mean UHI intensity of urban sites could reach ~4.5 (~2.1) °C. This kind of seasonal cycle is also seen in UHI intensity spatial scatters and kriging-interpolated spatial pattern (Figure 10 ). Note that the UHI intensity shows a sudden decrease in June, this might be attributed to abundant precipitation and few temperature samples in the month. Figure 8 shows the mean UHI intensity at urban and suburban sites as a function of month and time of the day. It is found that at a certain time of the day, the UHI intensity shows a notable warm-cold season contrast at both urban and suburban areas. However, throughout the year, the timing of the strongest UHI intensity always occurs at around midnight (00 LST). Thus, for a better illustration on seasonal variations, the UHI intensity at midnight is analyzed. The results are shown in Figure 9a . A prominent warm-cold contrast of UHI intensity is detected, which is similar to other cities (e.g., [30] ). The UHI intensity is most strong (weak) in July (October), and the mean UHI intensity of urban sites could reach~4.5 (~2.1) • C. This kind of seasonal cycle is also seen in UHI intensity spatial scatters and kriging-interpolated spatial pattern (Figure 10 ). Note that the UHI intensity shows a sudden decrease in June, this might be attributed to abundant precipitation and few temperature samples in the month.
As shown in
Seasonal Variations of UHI Intensity
A prominent warm-cold contrast of UHI intensity is detected, which is similar to other cities (e.g., [30] On a seasonal scale, the urbanization effect on surface air temperature can also be implied by different UHI intensities over urban and suburban areas (Figure 9a ). The rural (urban) areas collocated with the sites with weak (strong) UHI intensity (left column in Figure 10) . A quantitative analysis is carried out by correlating the urbanization level (NNLI) to UHI intensity for four months (right column in Figure 5 ). The results show that in a whole year, urbanization has a positive effect on increasing SAT. However, its influence degree varies from month to month. The urbanization impacts SAT most in July (b = 6.65) and least in October (b = 2.85). This might be attributed to the increase of anthropogenic heat release to mitigate the effects of oppressive weather in Sichuan Basin during summer time [46] . Even though the warm-cold season contrast is prominent in UHI intensity, a clear seasonal variation of near-surface wind speed is not discerned (Figure 9b ). As discussed above, the wind speed difference between urban and rural surfaces is reduced at night due to stronger momentum vertical mixing. Thus, the winds at midnight exhibits a relatively homogeneous spatial distribution in a certain month, and the wind patterns vary little from month to month (left column of Figure 10 ). The correlation between the wind speed and UHI intensity is only significant at the 0.05 level (r = 0.69 (0.65) in urban (suburban) areas). This indicates that wind speed might not be an appropriate indicator explaining the variations of SAT on a seasonal scale. Some other factors, such as extra heat emission, have played more important roles in determining the UHI intensities in Chongqing City [12] . On a seasonal scale, the urbanization effect on surface air temperature can also be implied by different UHI intensities over urban and suburban areas (Figure 9a ). The rural (urban) areas collocated with the sites with weak (strong) UHI intensity (left column in Figure 10) . A quantitative analysis is carried out by correlating the urbanization level (NNLI) to UHI intensity for four months (right column in Figure 5 ). The results show that in a whole year, urbanization has a positive effect on increasing SAT. However, its influence degree varies from month to month. The urbanization impacts SAT most in July (b = 6.65) and least in October (b = 2.85). This might be attributed to the increase of anthropogenic heat release to mitigate the effects of oppressive weather in Sichuan Basin during summer time [46] .
Even though the warm-cold season contrast is prominent in UHI intensity, a clear seasonal variation of near-surface wind speed is not discerned (Figure 9b ). As discussed above, the wind speed difference between urban and rural surfaces is reduced at night due to stronger momentum vertical mixing. Thus, the winds at midnight exhibits a relatively homogeneous spatial distribution in a certain month, and the wind patterns vary little from month to month (left column of Figure 10 ). The correlation between the wind speed and UHI intensity is only significant at the 0.05 level (r = 0.69 (0.65) in urban (suburban) areas). This indicates that wind speed might not be an appropriate indicator explaining the variations of SAT on a seasonal scale. Some other factors, such as extra heat emission, have played more important roles in determining the UHI intensities in Chongqing City [12] . Like the diurnal cycle, the impacts of EET cooling rate at rural sites on UHI seasonal features are examined (Figure 11 ). It shows that their relationships are seasonally dependent. More events of intense UHI with strong rural cooling rate during EET occurs in summer than other seasons (Figure 11c ). In summer, the nights are often controlled by clam and cloudless conditions. Thus, the rural SAT decreases more quickly because of faster radiative cooling. However, the daytime-stored heat in urban areas is harder to dissipate because of more windless circulations induced by large-scale topography (the Sichuan Basin) [13, 47] . Meanwhile, more anthropogenic heat is likely released to relieve the hot weather. As a result, the urban SAT decreases little and even becomes higher than the day. Thus, the nocturnal UHI is most intense in summer. As an indicator, the rural cooling rate during EET contributes to UHI intensity most in summer as the summer regression coefficient is largest (b = −1.04 in urban sites and -0.63 in suburban sites). Note that the rural cooling rate is also correlated to UHI intensity most closely in summer with r = −0.53 in both urban and suburban areas, though the RMSD is relatively big (RMSD = 1.15 at urban sites).
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Like the diurnal cycle, the impacts of EET cooling rate at rural sites on UHI seasonal features are examined ( Figure 11 ). It shows that their relationships are seasonally dependent. More events of intense UHI with strong rural cooling rate during EET occurs in summer than other seasons ( Figure  11c ). In summer, the nights are often controlled by clam and cloudless conditions. Thus, the rural SAT decreases more quickly because of faster radiative cooling. However, the daytime-stored heat in urban areas is harder to dissipate because of more windless circulations induced by large-scale topography (the Sichuan Basin) [13, 47] . Meanwhile, more anthropogenic heat is likely released to relieve the hot weather. As a result, the urban SAT decreases little and even becomes higher than the day. Thus, the nocturnal UHI is most intense in summer. As an indicator, the rural cooling rate during EET contributes to UHI intensity most in summer as the summer regression coefficient is largest (b = −1.04 in urban sites and -0.63 in suburban sites). Note that the rural cooling rate is also correlated to UHI intensity most closely in summer with r = −0.53 in both urban and suburban areas, though the RMSD is relatively big (RMSD = 1.15 at urban sites). 
Conclusions and Discussions
The spatial and temporal features of UHI intensity in mountainous Chongqing are investigated using a dense surface monitoring network. The AWSs are classified into detailed categories based on the quantitative urbanization level estimated by NNLI from VIIRS DNB. The temperature data observed at various altitudes is corrected to a same level utilizing the lapse rate derived from the nearest sounding data. The results of kriging interpolation show that UHI intensity exhibits a clear spatial pattern over Chongqing City. The UHI intensity is closely related to underlying surfaces, and the strongest UHI intensity is confined around the most urbanized areas. 
Discussions and Conclusions
The spatial and temporal features of UHI intensity in mountainous Chongqing are investigated using a dense surface monitoring network. The AWSs are classified into detailed categories based on the quantitative urbanization level estimated by NNLI from VIIRS DNB. The temperature data observed at various altitudes is corrected to a same level utilizing the lapse rate derived from the nearest sounding data. The results of kriging interpolation show that UHI intensity exhibits a clear spatial pattern over Chongqing City. The UHI intensity is closely related to underlying surfaces, and the strongest UHI intensity is confined around the most urbanized areas.
The UHI intensity in Chongqing City has a notable temporal (both diurnal and seasonal) variation. The UHI intensity is found to be strongest at night and in warm season, and the magnitude could reach 4.5 • C on summer night. The urbanization effect plays a critical role in determining the UHI intensity. The quantitative analysis shows a profound contribution of urbanization level (NNLI) to UHI intensity both at night (b = 4.31) and in summer (b = 6.65). At night, the urban extra heat such as reflections of longwave radiation by buildings and daytime-stored heat release from artificial materials, is added into the boundary layer, which therefore compensates part of urban heat loss and leads to stronger UHI intensity. In summer, the urban areas are frequently controlled by oppressively hot weather.
To relieve the adverse condition, more anthropogenic heat is released. As a result, the temperatures are higher in urban areas. The near-surface wind speed and rural cooling rate during EET are analyzed to serve as indicators estimating the UHI intensity. The wind exhibits a clear diurnal cycle with a maximum in the day and a minimum at night. This variation corresponds to that of UHI intensity. On a seasonal scale, however, the wind speed remains nearly unchanged, and is quite different from the UHI intensity. This discrepancy indicates that when considering the role of winds, the temporal variation of UHI intensity should be interpreted with caution. The rural cooling rate during EET is elucidated to regulate nocturnal UHI intensity with a regression coefficient of −0.70 (−0.37) in urban (suburban) sites. Because of more windless and cloudless background circulations during summer time, the rural cooling rate contributes to UHI intensity more in summer (b = −1.04) than other seasons. This paper mainly investigates the spatial and temporal features of UHI intensity in mountainous city that are barely revealed before. The causative factors of UHI intensity variations are not discussed. There needs more intense, extensive, and diverse observations (such as radiations and heat fluxes) to elaborate how the SAT varies based on the analysis of each term in surface energy balance equation (e.g., [35] ). Though the temperatures sampled over complex topography are corrected using an empirical method, the 10-m winds are not. This would lead to contradictory results on the relationship between winds and UHI intensity as the winds (both direction and speed) could vary dramatically at different heights in boundary layer, especially in mountainous region. Downscaling of prognostic mesoscale model (e.g., WRF) with high-resolution model (e.g., CALMET) provides a feasible way to produce surface wind fields in complex terrain [48, 49] . 
